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FOREWORD 


Hus final report documents the results of a study performed under NASA Con 
tract NAS 9-15779. The study was conducted under the technical direction of the 
Contracting Officer’s Representative (COR). Herbert G. Patterson. Systems Design, 
Johnson Space Center. Mr. Lester K. Fcro, NASA Headquarters, Office of Space 

Transportation Systems, Advanced Concepts, was the cognizant representative of 
that agency. 


The Grumman Aerospace Corporation’s study manager was Charles J, 


The major contributors and principal investigators were Ron E. 
Sherman and Henry W. Morfin. 


Boyland , 


Goodwin. 
Stanley W. 


This final report consists of the following volumes: 

• Executive Summary - Volume 1 

• Mission Handbook - Volume 2 

• Program Requirements Document - Volume 3 
o Supporting Analysis Volume 4 

• Turnaround Analysis - Volume 5 


• Five Year Program Plan - Volume 6 


iv 


1 - INTRODUCTION 


The intent of the Mission Handbook is to define for the reader how the MQTV may 
be used to support future space missions, Some 20 generic missions have been de- 
finod, each one representative of the types of missions expected to be flown in the 
future. MOTV support of these 20 missions is defined in detail and illustrates the full 
functional and performance capabilities of the MOTV. The user, by turning to the 
appropriate generic mission nearest describing the one he has in mind, can thus select 
the MOTV configuration best supporting that mission. More complex missions involving- 
several flights of an MOTV requiring a mixture of various generic missions can also be 
constructed from the basic 20 missions described herein. Besides describing the pro- 
pulsive and functional capabilities required of the MOTV to support a particular mis- 
sion, the Handbook also contains data to enable the user to determine the number of 
STS flights needed to support the mission, mission-peculiar equipment requirements, 
parametncs on mission phasing and AV requirements , ground and flight support re- 
quirements, recovery considerations, and IVA/EVA trade analysis. 


2 - MISSION SELECTION CRITERIA 


The objectives of the generic missions are to provide realistic, operationally feasible, 
but stringent, missions to exorcise the MQTV systems to their maximum planned capa- 
bility wherever possible. These missions form the basis for deriving MGTV functions 
and performance requirements. With this objective in mind the following guidelines 
and assumptions apply to the missions described herein. 

2.1 POTENTIAL USER PROGRAMS SUMMARY 

Figure 2-1 is a summary of potential user programs and appropriate references for 
each. Thse programs formed the background in deriving the generic missions de- 
scribed below. Although the generic missions cannot be related to these user programs 
on a one-to-one basis , they do incorporate the essential characteristics of many of the 
user programs. 

2.2 GROUNDRULES & ASSUMPTIONS 

The following groundrules and assumptions were used in developing the material 
presented in this handbook. 

• Mission Phases - Figure 2-2 identifies the mission phases with respect to the over- 
all MOTV mission. The handbook focuses on "OTV Mission Operations” and treats 
the other phases in a less detailed manner. 

• Abort timelines are not part of the handbook nor are contingency operations. 

• Within the domain of "OTV Mission Operations" are those functions and tasks con- 
cerned with "Vehicle Operation and Control" and those concerned with "Sortie 
Operations," The timeline developed in this handbook relates primarily to "Sortie 
Operations (see Fig. 2-3). 

• All "Sortie Operations" are conducted IVA whenever possible. EVA is provided 
for contingency and emergency operations. It is assumed that EVA will be neces- 
sary twice per sortie mission except for passenger transport missions PI to P4 
where one EVA per mission is assumed. 
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Fig. 2-1 Potential MOTV User Programs November 1978 (Contd) 
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Fog. 2-2 OTV Top Level Mission Phases CArO fV, AfiflOTV, & AR13V8 

















• SHUTTLE LAUNCH TO ORB IT 

- LAUNCH TO ORBIT 

- ORBITER RENDEZVOUS & PQCK/SERTH 

» OTV DEPLOYMENT & C/O 

- VEHICLE DEPLOYMENT 

- OTV ORBITAL STORAGE 

- OTV SYSTEM BUILD UP 

- CREW TRANSFER 

- PR E-ASCENT CHECKOUT 

• OTV ASCENT 

^“PHASING ORBIT INSERTION 

- TRANSFER ORBIT INSERTION 

- MISSION ORBIT INSERTION 

- ORBIT ADJUSTMENT OR 
RENDEZVOUS & DOCK/BERTH 


1776-402W 


• OTV MIS SION OPERATIONS 
^''VEHKTlEOPKRATION Si CONTROL 

(CONSTRUCTION, INSPECTION, SERVICE, ETC) 

- SORTIE OPERATIONS 

• APOTV DESCENT 

- TRANSFER ORBIT INSERTION 

- PHASING ORBIT INSERTION 

- CIRCULARIZATION 

• APOTV RETRIEVAL 

- ORBITER RENDEZVOUS & OOCK/BERTH 

- CREW TRANSFER 

- PAYLOAD TRANSFER 

- OTV SYSTEM REMOVAL 

- VEHICLE RETRIEVAL 

t OR BITER REENTRY & LANDIN G 
■~31SFSTfirRiE NTR Y 

- LANDING 


Fig. 2-3 OTV Flight Operation Phases 


• The APOTV is baselined for all MOTV operations 

• The maximum warning time due to solar storms is 12 hr. No storm shelter is pro- 
vided for GEO or HEO missions, therefore, abort within their 12 hr warning 
period is imperative. For the Deep Space mission, P4, a shelter is provided due to 
the long journey time, 14 days, to orbit. 

• Mission Timeline Groundrules are as shown in Fig. 2-4. 

• Typical work /rest cycles for transit periods between earth and GEO and return are 
shown in Figs. 2-5 and 2-6. 
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• NOMINAL CHECKOUT (ASSUMING REMOTE MANIPULATOR COMPLEXITY! 

• TYPICAL SUBSYS MOOULE INSTALLATIOI 

INCLUDES 


- UNSTOW, TRANSLATE & ATTACH MOUNTING PAD, 

- UNSTOW, TRANSLATE 20m, POSITION & ALIGN MOOULE 

- ADJUST & FASTEN MODULE MECHANICAL ATTACHMENTS 

" ATTACH ELECTRICAL CONNECTORS (POWER & DATA READOUT) 

- NOMINAL CHECK/OUT 


~ 5 MIN 

- 5MIN 

- 5 MIN 
5 MIN 
5 MIN 


25 MIN 


- PLUS ADDED TIME FOR INSPECTION Si SET UP SAY 

OR 


25 MIN 
50 IN 


• DEPLOY ANTENNAS 

• OPERATE BEAM MACHINE 

• DEPLOY STEM DEVICES 

• TYPICAL NESTED TUBE (i.e., DIXIE CUP) CONSTRUCTION 

INCLUDES 

- UNNEST, TRANSLATE Si JOIN DIXIE CUP STRUTS - 2 MIN 
(AUTOMATE) 

-TRANSLATE 20 m& ALIGN 3M I N 

- ADJUST & FASTEN TO FITTINGS (BOTH ENDS) 5 MIN 

10 MIN 


• DEPLOY SOLAR ARRAY 


1776-403W 


Fig. 2*4 MOTV Mission Timeline Groundrules 


- 6 MIN 

- 50 MIN 


1 MIN/METER RADII 
1 MIN/METER 
1 MIN/3 METERS 
10 MIN EACH 


10 MIN 
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Fig. 2-5 Earth to GEO Timeline 
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3 - Generic Mission Summary 


The following in a nummary of 20 goner!,: mtaaion aoonarioa; aovan have boon .elect- 
ud for detailed study & illustration. 

From the data presented here specifies for more complex missions may be drawn 
from the seven generic mission, which cover a variety of categories a non-orbit func- 
tions Thus, nearly any mission desired may bo compiled from both the basic missions 
presented here plus the mission parameters. The proper MOTV configuration ean then 
be eelected. Figures 3-1 through 3-8 summarise the salient features and performance 
characteristics of all generic missions. 


— GENERIC MISS 


SCENARIO CHARACTERISTICS 
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MISSION 

HDWR 

(kg) 

CREW 
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DESCRIPTION IN 

CATEGORY 

SYMBOL 


INI 

GEO 

510 

2 

4 

SCIENTIFIC SATELLITE REVISIT S 

INSPECTION 

SERVICE 
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REPAIR 
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OPERATION OF 
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Fig. 3-1 Generic Missions 
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Fig. 3-4 Mission Duration Days 
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« MANIPULATORS 
• REACH (m) 

- DOF 

■ NO. REQD. 

- UNIT WGT (k«> 


• STABILIZER FOR BERTHING 

- REACH (in) 

• DOF 

-NO. HI 01). 

- UNIT WGT (ki») 


• EVA SUITS 

- TYPE /NO. REQD. 

• NO. EVA'S PERMISSION (NORM OR EMERG) 

- ENDURANCE TIME/EVA (HR) 

- RAD PROTECTION REUD. 

-TETHER 

» UNIT WGT (kg) 


e MMU S 

- NO. REQD. 
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o DOCKING 
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® C/O & CALIB EQUIP. 
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CRYO FLUID REPLENISHMENT 
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® EQUIP". ST O W A G E R A C*Kg7 CO N T A I N ER S 
TYPF 

NO. REQD. 

SIZE (m) 

UNIT WGT (kg) 
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GEO/2 
2 (EMERG) 

6 

NO 

YES 
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GEO/2 
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0 

NO 

YES 
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GEO/2 
2 (EMERG) 
6 

NO 

YES 
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GEO/2 
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6 
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SAFING & 

SUBSYST C/O 

c/o 

10 

10 


’OLv^j 
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Fig. 3-5 Generic Missions Equipment Requirements 
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4 - GENERIC MISSION DESCRIPTION 


This section presents a vivid description of each of the basic 20 generic mission 
scenarios. Aided by these descriptions, the role and subsequent configuration of 

the MOTV for each of the missions may be readily visualized and subject to further 
study. 


4.1 GENERIC MISSION INI - INSPECTION OF A GEO ENVIRONMENTAL SATELLITE 




Mission Description: A large-scale GEO environmental interaction experiment platform 
similar to that depicted in the figure is revisited two years after it was initially de- 
ployed. The purpose of the revisit is to inspect material samples left on the satellite, 
replace some of them with new ones, and retrieve others for further analysis back on 
earth. In addition, standard servicing of the satellite's subsystems such as RCS fluid 
replenishment would also be done. 


Characteristics : 

Weight 7000 kg 

Size 

Length 100 m 

Width 20m 

Power RTG 

Orbit GEO 

Timeframe Late 80s 

Life /Servicing Period 20/1 yr 


Rationale for MOTV Use: 

• Man is required to inspect and change material samples and depends on the 
results of his inspection 

« Servicing of the satellite subsystems such as fluid replenishment for RCS 
is simpler with man -in -the -loop. 
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Pig. 4.1-1 INI-lnspection of a GEO Environmental Satellite 
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0721-044W Fig. 4.1-2 INI -Functions limes & Tasks 





4.2 GENERIC MISSION SI, DESIGN REFERENCE MISSION (DRM) - SERVICING OF 

FOUR COMMUNICATIONS SATELLITES USING MMS 
MODULES. 

_MiB8lon Doaoription : Four communications satellites , all using standard Multimlssion 
Module Spacecraft (MMS) type hardware for subsystem support functions and all lden- 
tle fl ] to each other, are serviced by the MOTV. The satellites are all located in GEO, 
1)0° apart , Periodically , the MOTV visits each of these satellites and services the MMS 
type subsystems as depicted in the figure below. Modular replacement of each of the 
MMS subsystems is done on an "as required" basis. After servicing and checkout of 
each satellite the MOTV returns to earth with the used MMS modules, jettisoning them 
with the last propellant drop tank just before rendezvous with the STS in earth orbit. 

Characteristics ; 



Rationale for MOTV Use: 

• Servicing satellites remotely using teleoperators operated from earth is more 
complex, less versatile, and less reliable than having man "on site" to per- 
form this function 

• Servicing and checkout is more thorough with man on-site, and contingencies 
can be more readily handled. 
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4,3 MISSION S2 - SERVICE & UPDATE FIVE COMSAT 

COMMUNICATIONS SATELLITES 

Mission Description: Five Comsat Communications Satellites are deployed in GEO. 

The entire system is routinely serviced and its electronics updated. The routine 
servicing tasks involve inspection and replacement of failing electronic black boxes 
as well as scheduled replacement of electronic components and replenishment of RCS 
fluids. The updating tasks involve replacement of outdated electronics packages 
with updated ones. This mission differs from the previous one, in that serviced parts 
are replaced on a black box or component level rather than a modular level. The 
servicing operations are more complex and take longer to perform, as are the final 
checkout procedures. 


Characteristics : 

Weight 1230 kg 

Size 

Length 

Width 4.5 m 

Power 2 kW 

Orbit GEO 

Timeframe 1990s 

Life /Servicing Period ...... 20/2 yr 

Update 4 yr 

Rationale for MOTV Use: 


• Same as Generic Mission SI 
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4.4 GENERIC MISSION S3 - SERVICE & UPDATE A SYSTEM OF FIVE NUCLEAR 

POWERED SPACE-BASED RADAR 

Mission Doncrlptlon : Five Large Space-Based Radar Systems are deployed in GEO 
spaced 73° apart. The entire system is serviced, and periodically updated. The ser- 
vicing involves replacement of failing electronic black boxes , power supply control 
and distribution components, and replenishment of ACS fluids. The updating tasks 
involve replacement of outdated electronics, whereas servicing the nuclear power sup- 
ply is done at ten year intervals and involves replacing the core. This mission dif- 
fers from missions SI and S2 in that special care must be taken to avoid radiation ex- 
posure from the nuclear power plant during servicing and updating operations. A re- 
motely controlled flyer is used for removal of the old reactor core. 

The generic S3 mission has been divided into missions S3(a) and S3(b). Mission 
S3(a) deals with the electronic and ACS servicing of the five satellites. Mission S3(b) 
consists of the replacement of a single satellite's reactor unit. 



• Same as Generic Mission SI 
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be 


REMARKS 


1 :3B EA 

ION RCS SYSTEM 


~ 3.8 DAYS 
72° SEPARATION 


4“22 



4-23 




Fig. 4.44 $3(b) Replace Nuclear Power €ere on €E© Satellite 
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Fig. 4.4-5 S 3(b) - Functions, Time, 8c Tasks 
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4.5 GENERIC MISSION ER1 - EMERGENCY REPAIR QF A MULTIPISCIPLINED 

GEQ PLATFORM 

Mission Description: This mission is characterized by the unexpected nature of the 
failure incurred. It may be due to electronic component failure or mechanical failure. 
In either case it is seriousness enough to warrant immediate repair. Furthermore, 
the total extent of the damage is not entirely known. The MOTV is deployed with 
spare parts , repair tools , and on-board checkout equipment to determine the full ex- 
tent of the failure and fix it. In addition, standard servicing of the satellite sub- 
systems such as RCS fluid replenishment would also be done. The figure illustrates 

this type of mission. 

Characteristics : 

Weight. . -5,000 kg 


Power 40 kW 


Orbit G E0 

Timeframe 1990 

Life /Servicing Period .... 30/3 yr 



Rationale for MOTV Use: 

• Full nature of the failure cannot be determined remotely, and requires man on 
site for repair and checkout 

• Man's visibility and on-site decision making capability are not easily replaced 
by remote controlled, automated systems. 
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4.6 GENERIC MISSION ER2 - EMERGENCY REPAIR QF A SURVEILLANCE SATELLITE 


IN A 12 HR/63 Q INCLINED ORBIT 

Mission Description : This mission is characterized in the same manner as Generic 
Mission ER1. In this case, however, the satellite and its orbit are very different. 
The satellite's electronics, optics or mechanical system may have failed. The MOTV 
is deployed to rendezvous and dock with the disabled satellite even assuming it has 
lost its stabilization and control system and is uncontrollably tumbling. The MOTV 
would stabilize the satellite and perform repairs as required. In addition, standard 
servicing of the satellite subsystem such as RCS fluid replenishment would also be 
done. The figure illustrates this mission. 

Characteristics: 

Weight 4100 kg 

Size NA 

Power 4.5 kW 

Orbit 12 hr/63° 

Timeframe 1990s 

Life /Servicing Period . . . 20/3 yr 

Rationale for MOTV Use: 

• Same as Generic Mission ER1 



0721-oaiw 



Fig. 4.6-1 ER2-Emergency Repair (HEO) 
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Fig. 4.6-2 ER 2- Functions. Time & Task 
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Fig. 4.6-3 ER2-Timeline & Crew Requirements 
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Fig. 4.64 MOTV Configuration For Mission ER2 
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Fig. 4.6-5 ER2 Summary Wt Statement, kg 
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Fig, 4.6-6 ER2 Wt Statement (Crew Capsule) 
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Fig. 4.0-7 


Performance Data - Emergency Repair Mission (ER2) 




4. 7 GENERIC MISSION R1 - RETRIEVAL OF A SURVEILLANCE SATELLITE FROM 


12 HR/63 0 INCLINED ORBIT 

1Vll8 , aion Description : The same satellite described in Generic Mission ER2 In assumed 
disabled and must be retrieved. As before, the satellite can be tumbling and must be 
stabilized before it ean be retrieved. The MQTV is deployed to the proper orbit, 
locates and rendezvous with the satellite, and performs the appropriate stabilization 
functions. Once this is accomplished the MOTV grapples the satellite and prepares it 


for the return trip to LEO, 

and subsequent 

figure depicts this type of operation. 

Characteristics : 


Weight 

4100 kg 

Size 

NA 

Power 

4.5 kW 

Orbit 

12 hr/63° 

Timeframe 

1990s 


Life /Servicing Period . . 20/3 yr 
Rationale for MOTV Use: 

• Same as Generic Mission ER2 


trip back to earth in the Shuttle. The 


r\ 

i ■ 



0721-081W 








. *1 


RENDEZVOUS 


MANEUVER & 
DEPLOY PORTABLE 
STAB. UNIT 


STABILIZE 

SATELLITE 

CONTROL 


CAPTURE 


SAFE/ 

STOW FOR 
TRANSPORT 



WITH 

TUMBLING SAT. 




& 

BERTH 



0721-096W 

R03 







Fig. 4.7.1 R1 - Retrieval of Failed Satellite 
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Fig. 4.7-2 R1 -Functions, Time. & Tasks 





4,8 GENE RIC MISSION QPl - OPERATION OF A LARGE SPACE SYSTEM, S TO GEO 

PLATFORM " ' ~ ' 

. D Py 1 . Qr li A laj;, g 0 Solar-Torrestial Observatory (STO) of the type shown in 
tho figure is deployed in GEG. It operates automatically most of the time telemetering 
its findings back to earth, Once a year , however, for a period of two weeks it is 
manned. During this time, In-situ experiments are conducted, experiment packages 
are changed out, instruments are recalibrated, critical fluids are replenished, and other 
servicing or maintenance, as needed, is performed. 


Characteristics: 

Weight 

Size 

Power 

Orbit 

Timeframe . . . 

Life /Servicing Period . . . 


Rationale for MOTV Use: 



• Man is needed to conduct in-situ experiments which are sometimes dependent on 
targets of opportunity 

• Changeout of experiments, calibration of instruments, and general service/ 
maintenance is simpler with man. 
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Fig. 4.8-1 0P1 - Tended Solar Terrestrial Observatory 
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4. 9 GENERIC MISSION PI - PASSENGER TRANS P ORT 3-MAN CREW RQTATIQN_/ 
__ — RESUPPLY TO GEO 


Missio n Description: A 3-man craw is transported with supplies to a GEO Space Con- 
struction Base (SCB) . The SCB assembles PSP's. SPDA's, Navigation & Surveillance 
antenna and operates an STO. Ii is permanently manned and requires quarterly 
visits. The functions of the MOTV in this scenario are: crew rotation. SCB resupply, 
transfer of special tools and equipment and return of high priority cargo, wastes and 
crew. The overall MOTV stay time in GEO is short , at most a couple of days. 

Characteristics : 

Weight 

Size 

Power 

Orbit G E0 

Timeframe Early 90s 

Life /Servicing Period . . 20 /4X per yr 

Rationale for MOTV Use: 

• Required for Cre;v Rotation. 
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RESUPPLY ITCM 


- OXYQEN 

■ NITROGEN (LEAKAGE MAKEUP) 1868 1 

■ POTABLE WATER t90* 

- LiOH 

FOOD 2260 3 

CLOTHING 226 

■ FILTER MATERIAL 


TOTAL RESUPPLIES 


MOTES: 

1 INCLU0ES1 kgN2TANK/kg N 2 

2 INCLUDES 0.1 kg HjO TANK/kg HjO 

3 FOOD RESIDUE » 0.3 kg/MEN-OAY 

1 RCS TANKAGE « 0.2 kg TANK/kg PROP. 

•REF: SSAS FINAL REPORT, PART 3. 17 JUNE 1977 PG 441 


jumtw JMEN „9Q,DAYS L — 10 MEW 90 DAY9 30 MEW 90 PAYS a MEN 90 DAYS 

WOT, kg DEPLOY, kg j RETURN kg j DEPLOY, | RETURN, kg DEPLOY kg RETURN, kg DEPLOY kg RETURN, kg 




Fig. 4.9-1 Passenger T ransport Missions PI P4 Consumables/Expendables for 90-Dav 
Spacebases T 



4. 10 GENER I C MISSION P2 - PASSENGER TRANSPORT 8-MAN CREW ROTATION/ 

RESUPPLY TO GEO 


Mission Description: This mission is similar to Generic Mission PI except the crew 
size and consequently the resupplies are much larger. An 8-man Space Construction 
Base is assumed in GEO performing essentially the same functions as previously 
described. The structures being assembled are larger and more complex therefore 
requiring more construction workers . 


Characteristics : 


Weight 

Size 

Power 

Orbit 

Timeframe 

Life /Servicing Period . 


GEO 
Mid 90s 

20 /4X per year 


Rationale for MOTV Use 


• Required for Crew Rotation 
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Fig. 4.10-1 MOTV Configuration for Mission P2 


1 CREW MEMBER AT 
FLIGHT STATION 

INTERNATIONAL 5 

DOCKING RING f 

4 CREW IN ZERO 
"G" SEATS 


EMERGENCY HATCH 
SCREW IN LAUNCH/ / 
RE-ENTRY COUCHES / 


SUBSYSTEMS 
SECTION A A 

VOLUME ON EITHER SIDE 
OF AISLE FOR: 

• SUBSYSTEMS 

• W/M & FOOD 

4-*- 

PRESSURIZED VOLUME = 25.0 M 


Fig. 4.10-2 APOTV Crew Module (Large) 

- 10 Man 




IUIPROltU 

OUK1TNA1: I' - '' 

i n < >!■’ ii 






DRY WEIGHT 

CREW/CONSUMABLES 

RESERVES/RESIOS 

BURNOUT WEIGHT 

MAIN PROP - (CAPACITY) 
- LOADING 

ACPS PROP 
MISC 

MOTV WEIGHT 

TOTAL MOTV WEIGHT 
1776-425W 


CREW 

CAPSULE 

PRQP'U'N 

CORE 

DROP 
TANKS (31 

MISSION EOUiPT | 

“general 

PURP08E 

DEDICATED 

3992 

3330 

4426 

763 

1463 

088 

61 

290 

706 



4980 

3677 

6130 

763 

1463 


(1 7,600) 
12,294 
1011 
145 

(81,810) 

65,197 


3022 

4980 

17,127 

70,327 

763 

4485 

* 97,682 


Fig. 4.10-3 P2 Summary Wt Statement, kg 
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• MANIPULATORS, ETC., CHARGED TO GEN PURPOSE MISSION EQUIP. 
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Fig. 4.10-4 P2 Wt Statement (Crew Capsule) 
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4,11 Q- EWERIC MISSION P3 - PASSENGER TRANSPORT 30 MAH CREW ROTATION/ 

RESUPPLY TQ GEO 

Miss ion Description This mission is characterized in the same manner as the pre” 
vlous two generic missions except the size of the construction base now dictates a 
30” man crew size for its operation. This Advanced SCB is envisioned as the pilot 
facility needed for SPS construction. 

Characteristics : 

Weight 

Size 

Power 

Orbit GEO 

Timeframe Mid-Late 90s 

Life /Servicing Period . 20/4X per yr 

Rationale for MOTV Use: 

• Required for Passenger Transport to GEO. 
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4.12 GENERIC MISSION P4 - PASSENGER TRANSPORT SIX-MAN CREW ROTATION/ 

RESUPPLY TQ A DEEP SPACE COMMAND POST (DSCP) 


Mission Description: A DSCP as illustrated in the figure located 400,000 n ml from 

^-" - - w r — . ’ -" r ~r- ■ -r ■■ -r - — t t 

earth. The MOTV visits tide facility twice a year bringing with it provisions and crew 
for a three-month tour of duty. The MOTV stays long enough to transfer crew, sup~ 
plies and provisions then loaves. The supplies include parts, special tools, and e/o 
equipment if needed, ete. , to sendee the command post. 

Charaeteristies: 

Weight 45,000 kg 

Size 

Power 

Orbit 400,000 n mi 

Timeframe Late 90s 

Life /Servicing Period . . . 30/2X per yr 

Rationale for MOTV Use: 

• Required for Crew Transfer 



HIGHP. ASSURE 



Fig. 4.12-1 MOTV Configuration for Mission P4 
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Fig. 4.12-2 P4 Summary Wt Stotomont, fsg 


CREW CAPSULE 

WEIGHT, kg 

STRUCTURE 



THERMAL PROT 


ITOO 

& PROTON SHELTER 
EPS 


1417 

AVIONICS 


26 

ECLS 


149 

747 

CREW ACCOM 


1366 

PROPULSION 


c 

RECOVERY 


D 

CONTINGENCY 

(26%) 

1294 

TOTAL DRY WEIGHT 

6469 

CREW 

(61 

490 

CONSUMABLES 

(30 DAYS) 

876 

BURNOUT WEIGHT 

7836 

NOTES 



• MANIPULATORS, ETC., CHARGED TO GEN PURPOSE MISSION EQUIP 

• EPS SUBSYS IS POWER DISTR ONLY - REMAINDER OF SUBSYS IN PROP. CORE 

| 1 /76-429W 
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— — 1 


Fig. 4.12-3 P4 Wt Statement {Crew Capsule) 
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Fig. 4.12-4 Performance Data - Passenger Transport Mission (P4) 
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4 * 13 ^MggjgJlISS IQN DR1 - DEBRIS REMOVAL FRO M GEO 


aa yn Description; The MOTV to dispatched to GEO to swoop debris from a „ S « sector 

he 0rb “' Thr “ 9,ops a ~ ““to ta «»Wt: the first two to pink up dead Imt stable 
communications satellites (Intelsat type, each separated 2 S}° In lonRltudo. and the 

third to remove spent propellant tanks, propulsion, Magna, ate. , which were pro- 

TZ r T ait0d ‘ n “ GE ° 9P “ 00 iUnkyart ' Aft " «»««*«* «»1> of those pnvloads 
the Horv propels them to a higher orbit whore thoir presence would not Interfcro 

with future space endeavors. The orbit of this nowjunk yard Is between WOO and 8000 

n ml above GhO. After depositing its payload the MOTV deorblts-and returns to earth. 
The figure illustrates this mission scenario. 


Characteristics : 

Weight 

Size 

Power 

Orbit 

Timeframe .......... 

Life /Servicing Period . . . . 

Rationale for MOTV Use: 


5500 kg 

NA 

NA 

GEO 

1990s 

NA 


opouissATeuire 
/ 


MANiruLATOMb 
h dfiAPPUR 


OUUHIQ 

KA?CLUm 


'•OOI'ULSION 

CORE* 


PMASl MO tV 
tODCOHiy 
fAHRiNci OttlJtt 







ecopio 

PARKINU 

OGAM 


MAQNOTlg 
DAMPGHfl 
IP flEtJB 


i/\ 


•U 8 &P 0 NT 

maca 


it yyy . ■ _ * % ; 

<**^1 

* » * 


:\ 






7 

80t. AH AHHAV 
\1 hW. 


: 


\ 

OHdP TANtt 
“ HtTAINKD 
OROHBIT 


• OAPtUHli OtOHlS 
o tHANSPGH OtOHlS 
TOMTfj pad 
O REPEAT 3 TIMES 


2ND STEP 

• UCHTM TO DE&MtS PAHKtNd OGAM 

• tHANSfEH DEBRIS TO BEAM 

• REPEAT 3 TIMES 




The MOTV may perforin this 


or independently depending 
satellites being transferred 


mission as part of a servicing or repair mission , 
on the number and physical characteristics of the 


This mission is much more complex if attempted unmanned and is beyond the 
performance capabilities of future teleoperator systems or cargo OTVs. 


4“ 51 






















.13-3 DRI-TemeSine & Crew Requirements 
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MAGNETIC 

DAMPERS 



1 ST STEP 

• CAPTURE DEBRIS 

• TRANSFER DEBRIS 
TO MTG PAD 

• REPEAT 3 TIMES 


2ND STEP 

• BERTH TO DEBRIS PARKING BEAM 

• TRANSFER DEBRIS TO BEAM 

• REPEAT 3 TIMES 


Fig. 4.13-4 On-Orbit Scenario for Mission DRI 


MANIPULATORS) 

- 7 DOF 
-4m LONG 

HIGH PRESSURE 

GRAPPLER EXPENDABLES 

-4 DOF 

- 1.75 TO 2.5 m LONG 



CREW 

CAPSULE 


Li 

s 

\ t 

A 1 

r 

1 

*i 

I ( | 

j\ j 



DEBRIS MTG 
PAD (4) 


RCS MODULE (4) 


RL 10 CAT II B (2) 


RADIATOR PANEL (2) 
TOTAL AREA * 7.62 m 2 



SOLAR ARRAY 
- STOWED 


DROP TANK (2) 


0721-214W 

RB3 


Fig. 4.13-5 Conf For Mission DRI 
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PRY WRIGHT 


GREW/CONSUMABLES 

RBSERVES/R6SIQS 

BURNOUT WEIGHT 

MAIN PROP - (GAPACITYI 
- LOADING 

ACPS PROP 
MISC 

MOTV WEIGHT 

TOTAL MOTV WEIGHT 
1 776*431 W 


CREW 

CAPSULE 

PRQP'LS'N 

CORE 

DROP 
TANKS (2) 

MISSION PQUIP'T 

GENERAL 

PURPOSE 

DC MIC AT EP 

3G86 

’3299 

2900 ~ 

921 


307 

91 

290 

470 



3993 

3046 

3420 

921 

125 


(17,600) 

16,374 

1889 

145 

(54,540) 

52,330 



3992 

22,054 

56,758 

921 

125 


82,850 





Fig. 4.13-6 OR1 Summary Wt Statement, kg 


CREW CAPSULE 

WEIGHT, kg 

STRUCTURE 


1515 

THERMAL PROT 


48 

EPS 


25 

AVIONICS 


149 

ECLS 


499 

CREW ACCOM 


706 

PROPULSION 


6 

RECOVERY 



CONTINGENCY 

(25%) 

737 

TOTAL DRY WEIGHT 

3685 

CREW 

(2) 

163 

CONSUMABLES 

(8.3 DAYS) 

— 

144 

BURNOUT WEIGHT 

3992 

NOTES 



• MANIPULATORS, ETC., CHARGED TO GEN PURPOSE MISSION EQUIP. 

• EPS SUBSYS IS POWER DISTR ONLY - REMAINDER OF SUBSYS IN PROP. CORE 

1 776-432W 


i 

— — — ,i 


Fig. 4.13-7 DR1 Wt Statement (Crew Cepsule) 
























WIRE WHEEL ANTENNA IN nun 

Sr.oOEO^ d A Tho‘ MOTV “‘“T W^^ely ™ ", in diameter in trans- 

r th ; — - 

r; sr : :::::: the wm - — - ~ P ^ « 

Characteristics : EPS ,NU ^ EAH » 


to the 


EPS (NUCLEAR) 


Weight 

Size 

Diameter 

Length ..... 

Power 

*•**•*• 

Orbit 

Timeframe ..... 

*••••* 

Life /Servicing Period 


10,000 kg 


236 m 
354 m 
50 kW 


10/3 yr 


UPPER SYSTEMS 
PACKAGE «•«- 



UPPER 

ACS 


STAYS 


Rationale for MTOV Use: 



GORES 


LOWER 
AC! 


l0721-084W ■ vuu t ucrLUYtU 

• Launch Payload Is Beyond IUS/SSUS Capability " — 

. LEO to GEO transfer g's are with MOTV compared to 2-g using c.ustered 

• l 0 ecTer'„ m LE0° n ,h U0 ? SS Wi ‘ h ' US * he payload must be “"folded and 

hecked tn LEO, then transported unfolded to GEO. With MOTV, pavload can 

be transferred and then unfolded and cheeked out in GEO. Transfe^ g's are 

lower using MOTV resulting weigh, savings, bu, with the same or greater 
chance of mission success 

• “ “ "• - ■«* -■» » 


RIM MEMBER 


LOWER SYSTEMS 
PACKAGE 


POLLY DEPLOYED 


- avoids ultra complex remote automation 

- redundant mechanism 

- provides higher probability of success 
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4 * 15 GENERIC MISSION C2 z UNFOLD tetrahedron platform for 


MOUNTING COMMUNICATIONS ANTENNAS 

Mission Description: A large tatrahodron structure together with a complement of 
various sized antenna will be transported to GEO, The main structure and antenna 
will arrive folded In a number of separate packages each of which must be unloaded, 
unfolded, and assembled together to form the final satellite as shown In the figure. 
Subsequent eheckout by the erew is then initiated before departure back to earth. 

Characteristics: 


Weight 

16,000 kg 

Size 


Length 

85 m 

Width 

31 m 

Orbit 

GEO 

Timeframe 

Mid 90s 

Life /Servicing Period . . . 

30/3 yr 

Rationale for [vlOTV Use: 



• Payload weight is beyond IUS. 

• Manned GEO assembly vs LEO assembly and unmanned transfer has the 
following benefits: 

- effects of transfer g's are minimized saving weight 

- simpler and higher fidelity checkout possible 

- avoids problems of day /night assembly and possible thermal gradient problems 
thus eliminating difficulty in assembly due to differential expansion 

- antenna alignment is more precise 

- mission success is enhanced. 
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Fj§. 4.15-2 C2—Fcmstions, Tims, & Tasks 
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Fig. 4.15-2 C2-Funfitions v Tims, & Tasfes feositd!) 




6 ggHHIH- MlgSlON C3 - PRE FAB PLATFORM F 


ANTENNAS 


FOR MO UNTING COMMUNICATIONS 


rrr m simiiar to that describe,i in cjon ° ric |kits9i ° n C2 

t -o*‘9iructea in GEO using; Prefab "Dixie Pnn» 

TT?n * • , 8 uuae cup structural members. Upon arrival in 

GEO the stowed packaffes of "nivin ^ niIlvm in 

“*"* into structural members and ^ ^ 

zrrr to ,he piatform *°* e,her with • *>«« ™mv»n?z t T*r 

The final configuration is shown in the figure. ‘tomes. 

C haracteristics : 

^* ht kg S^ 1 


Length . . . . 

Width 

Power 

Orbit 

Timeframe . . . 
Life Servicing . 


Mid 90s 
30/3 yr 



_ . issj, 

Rationale for MOTV Use: 

• Payload weight is beyond the capability of the IUS. 

* “ ° E0 aSSemb ' y VS LE ° a5serab * «* -manned transfer has foilowing 

- effects of transfer g's are minimized saving weight 

- simpler and higher fidelity checkout possible 

- gravity gradient loads reduced by a factor of 200 in GEO minimizing attitude 
hold propellant requirements during construction 

- antenna alignment is more precise 

- mission success is enhanced. 
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C3— Functions, Time, & Tasks 





ACTIVITY/ FUNCTION T,ME CREW NO. CREW TASK REMARKS 

HR: MIN MODE CREW 



Fig. 4.16-2 C3— Functions. Time. & Tasks (Contd) 








10 IB 20 29 30 


MOUNT PLATFORM ASSY JIG 
ERECT END STRUCTURE 
INSTALL SOUR ARRAY 
ERECT 1ST BAY STRUCTURE 
INSTAU. RGS& BUSSES 
INSTALL ANTENNAS 
ERECT BAYS 2-10 STRUCTURE 
INSTALL ANTENNAS & STAB, UNIT 
ERECT BAY 11 STRUCTURE 
INSTALL RCS& BUSSES 
INSTALL ANTENNAS 
ERECT END STRUCTURE 
INSTALL SOLAR ARRAY 
SEPARATE & COMPLETE C/O 




MISSION 2 
CREW , 


MANIPULATOR OPERATION 


Fig. 4.16*3 C3-Timeline & Crew Requirements 


.SEMI STRUTS (69) 


CREW 

CAPSULE 

RADIATOR 
PANEL (2) 

TOTAL AREA = 8.27 m 2 



SEMI STRUT 
.JOINING 
FIXTURE 


PROPULSION CORE 
,^RL 10 CAT MB (21 


MANIPULATOR (3) 

- 7 DOF 

- 4 m LONG 


p- - v-y— 


RCS MODULE (4) 


MISSION EQUIPT 
- STORAGE BIN ON 
NOSE OF ONE DROP 
TANK 


'DROP TANK (4) 


0721-213W 

KB3 


Fig. 4.16*4 Configuration For Mission C3 




07S1-199W 


Figure 4.16-5 APOT'' Crew Module (Large) 3 Man (C) 






MISSION EQUIP'T | 


CREW 

CAPSULE 

PR OP'LS'N 
CORE 

DROP 
TANKS (3) 

GENERAL 

PURPOSE 

DEDICATED 

DRY WEIGHT 

3795 

33B7 

4425 

921 

775 

CREW/CONSUMABLES 

RESERVES/RESIDS 

410 

51 

296 

705 



BURNOUT WEIGHT 

4205 

3704 

5130 

921 

775 

MAIN PROP - (CAPACITY) 
- LOADING 

ACPS PROP 
MISC 


(17,600) 

(16,736) 

1274 

145 

(81,810) 

78,061 


17,000 

MOTV WEIGHT 

4205 

20,858 

83,181 

921 

17,775 

TOTAL MOTV WEIGHT 





1 776-434 W I 

Fig. 4.16-6 Construction C3 Summary Wt Statement, kg 
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CREW CAPSULE 

WEIGHT, k 9 

STRUCTURE 


THEMAL PROT 

1 516 

EPS 

48 

AVIONICS 

25 

ECLS 

149 

CREW ACCOM 

502 

PROPULSION 

791 

RECOVERY 

6 

CONTINGENCY (28%) 

7B9 

TOTAL DRY WEIGHT 

379B 

CREW (3) 


CONSUMABLES (e DAYS) 

24B 

166 

BURNOUT WEIGHT 

4205 

NOTES 


* eTC> ' CHARGED T0 QEN PURPOSE MISSION EQUIP. 

EPS SUBSYS IS POWER DISTR. ONLY - REMAINDER OF SUBYS IN PROP CORF 

1 1770-435W 



Fig. 4.16-8 C3 Wt Statement (Crew Capsule) 
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4 ‘ 17 GENERIC MISSION C4 - AUTQFAB QF A PLATFO RM FOR MOUNTING 

COMMUNICATIONS ANTENNAS 

M i ssion Descripti on A largo space platform similar to that described for Generic 
Missions C 3 Si C 3 is fabricated using autofab techniques. A beam builder is used to 
fabricate structural members of the space platform which are subsequently joined to- 
gether to form the Anal assembly. The various antennas are mounted to the platform 

m . ° rtl0n9 ° f thG platform aro GQ "'P^ed. Electronics and power supply are also add^ 
ed in a step-by-step fashion to complete the assembly prior to final checkout. The 
figure depicts tlie Anal configuration of the space communications platform. 


Characteristics: 


Weight 

15,000 kg 

Size 


SS Length 

95 m 

PP Width 

11 m 

Power . ...... 


Orbit 

GEO 

Timeframe 

Mid 90s 

Life /Servicing Period 

30/3 yr 

Rationale for MOTV Use: 



• Same as for Generic Mission C3 
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CREW 1 ASSY JIG 


BEAM 

’MACHINE 


• BUILD FIRST 
LONGL. BEAM 


• INDEXMACHINE 
ALONG JIG TO 
BUILD FOUR 
MORE LONGLS. 



MANIP 


BEAM 

MACHINE 


e STOW BEAM 
MACHINE 

• USING MANIP, 

- ADD LATL, END 
BEAM, ANTENNAS, 
SOLAR ARRAY 



NOTE: 


0721-062W 

RB3 


LONGL. BEAMS SPACE FAB 
LATL, BEAMS GROUND FAB, 

- INCLUDE MATING HDWRE, 
MTG. PADS FOR ANTENNAS, 
RCS PODS 


INDEX JIG ALONG 
LONGLS., ADDING 
PWR. DISTRIB 

USING MANIP 
- ADD INTERMED. 
BEAM 8 1 ANTENNAS 

REPEAT TO COMPLETE 
SATELLITE 


Fig. 4.17-1 C4-Assamble Communication Platform with Space Fabricated Structure 
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Fig. 4.17-4 C4 - WfOTV LAUNCH CC^'FiGUBATIOM 




4 - 18 GENERIC MISSION G5 - CONSTRUCTION OF AN EARLY SOLAR POWER 

DEVELOPMENT ARTICLE (SPDA) TO PROMOTE 
MPTS TECHNOLOGY 

Mlsolon DoBortptlon: An early SPDA la constructed in GEO, which has a full scale 
microwave antenna subarray that can transmit up to maximum power density to the 
ground . The integrated satellite is complete with power source, stabilization and con- 
trol and translational station-keeping capability. The solar array which has a power 
output of approximately 14 MW (200M x 40QM area) is constructed using autofab (beam 
builder) techniques as is the main structural members of the antenna. Once the array 
and antenna constructions are complete , they are joined together through a rotary 
joint. Subsystem integrated electronics and RCS for station keeping are then attached 
to form an operational satellite. Before MOTV departure back to earth the entire 
satellite is given a complete checkout to make sure everything is operating properly. 
The figure shows the SPDA in its operational configuration. 

Characteristics : 

Weight 110,535 kg 

Size 

Length 200 m 

Width 400 M 

Power 14 MW 

Orbit GEO 

Timeframe 1990 

Life /Serving Period . . . . 10/1 yr 

Rationale for MOTV use: 

• Same as Generic Mission C3. 
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Fig. 4.1 8-1 C5- Assemble 14 MW Solar Power Development Article 
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Fig. 4.18-2 C5- Functions, Time, & Tasks (confd) 
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Fig. 4.18-3 C5-Timeline & Crew Requirements 
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Fig. 4.18-4 Construction Mission C5-Flight Analysis 
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4.19 GENERIC MISSION C6 - MODULAR ASSEMBLY OF A 60 MW SPDA 


Mission Description : A large solar power development article shown in figure below 
is constructed and partially assembled in LEO. The modular assemblies, each three- 
bays wide, are then transported to GEO via a cargo OTV (COTV) to await final as- 
sembly by the MQTV, Once all six modules are in GEO, separated from each other at 
a safe distance of approximately 50 n mi, the MOTV is dispatched to oversee the final 
phasing, docking and assembly of modules. It is assumed that the phasing and dock- 
ing maneuvers, module-to-module, are performed by the COTV thrusters, but con- 
trolled from the MOTV. This may be accomplished with the MOTV berthed to one of 
the modules or accomplished through a remote data link to the MOTV "standing-off 
a short distance from both modules. Once docking is complete the MOTV crew would 
then begin the process of connecting the remaining luirdpoints together. A short 
time prior to completion of this task another module is commanded to phase and 
rendezvous with the new assembly. Since these phasing maneuvers may take up to 
a day to complete it saves time to begin them somewhat prior to completion of the pre- 
vious assembly tasks. This sequence is repeated five times after which final checkout 
is performed. In the entire assembly process it is presumed that the microwave antenna 
is part of one of the modules assembled in LEO. 


Characteristics: 

Weight 800,000 kg 

Size 

Length 450 m 

Width 900 m 

Power 60 MW 

Orbit GEO 

Timeframe Mid 90s 

Life /Servicing Period 30/3 yr 


Rationale for MOTV Use: 



• This mission is a forerunner to full scale SPS construction and assembly. It is 
an end-to-end demonstration , on a reasonable subscale basis , to verify that a 
solar power satellite can be built and operated in GEO. Man's involvement here 
is typical of that which is expected for the full scale SPS . 

• On-orbit crew participation in joining large structural modules together is an 
integral part of this end-to-end demonstration. 
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• Performing the unfold /assembly and checkout operations in the final orbit 
(GEO) rather then LEO has the following benefits: 

" Prov We8 constant thermal environment which avoids the day /night cycles 
in LEO 

Failure to deploy due to differential expansion is minimized 

Manned supervised checkout and rectification is done in proper orbit which 
avoids the need of high slew rates that are required for LEO checkout. 
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Fig. 4.19-2 C6- Functions, Times. & Tasks 
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Fig. 4.19-3 C6-Tlmoline & Crew Requirements 
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ACPS PROP 
MISC 

MOTV WEIGHT 
TOTAL MOTV WEIGHT 

17 76-43 7 W 


CREW 

CAPSULE 

PROP'LS'N 

CORE 

DROP 
TANKS (2) 

GENERAL 

PURPOSE 
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3299 

2960 
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61 
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4147 

3646 

3420 

816 


(17 600) 
16.P81 
2-167 
146 

.. 1 

(54,540) 

44,930 



Fig. 4.19-4 Construction C6 Summary Wt Statement, I 





GREW CAPSULE | 

WEIGHT, Mg 

STRUCTURE 


ISIS 

THERMAL PHOT 


48 

EPS 


2S 

AVIONICS 


149 

ECUS 


Bit 

CHEW ACCOM 


768 

PROPULSION 


6 

RECOVERY 


-■ 

CONTINGENCY 

m%) 

7B3 

TOTAL DRY WEIGHT 

376B 

CREW 

(2) 

163 

CONSUMABLES 

(17 DAYS) 

219 

BURNOUT WEIGHT 

4147 


NOTES 

• MANIPULATORS, ETC., CHARGED TO GEN PURPOSE 
MISSION EQUIP. 

• EPS SUBSYS IS POWER DISTR. ONLY - REMAINDER OF 
SUBSYS IN PROP. CORE 

1776-438W ___ _________ 

Fig. 4,19-5 C6 Wt Statement (Crew Capsule) 
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Fig. 4.19-6 Performance Data — Construction Mission (C6) 
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4,20 fflU EItlC MISSION UC - UNMANNED CARGO TR A NSPORT 10, OOP- ton. OOP kg 

TO VAHIQUS ORBIT S ” ' 

^wDflnoript^ Thn MOTV in «nod in on unnmrmod modn to trnnnfer vnrioun 
.lizoil ourgon from LEO to hiffh north orbitn not ottoinnblo with tho Shuttlo and IUS. 
Tho propulnivo onpabllity of the MOTV to tnuwfer thorn payloads to orbits mnftlnp; 
f *'"" ir,l,u nmJ ,uul Mpth inoHnntlon to GEO , or LEO or ooeapn will bo defined . 

Cl i / 1 1‘! lotoriatlos : 

Weight SQUO -50,000 kg 

bi’^o • . NA 

Power NA 

Various 

Timeframe 1980-K000 

Life /Servicing Period . . NA 

Rationale for MOTV Use: 

• Outside the payload capability of Shuttle /IUS system 

• Lower transport g's than IUS 

• Available assuming 1 manned version is adapted. 
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5 - Turnaround Analysis 


Development of a routine turnaround process is required in order to employ the 
MOTV to enhance man's util Ration of the geosynchronous space region. Since turn- 
around operations represent approximately 70*5 of the total MOTV mission, the process 
necessary to check, restore and prepare the returning MOTV for its next mission 
should be analyzed und optimized to provide a reliable low cost turnaround program. 

A definition of the turnaround requirements for the design reference mission 

(DRM) , S-l, MOTV configuration und an analysis of the primary sensitivity issues indi- 
cate the following: 

• The MOTV is a fairly sophisticated spacecraft with man-rated systems , in- 
cluding two RL10 II B engines, an attitude control and stabilization system, a 
full complement of avionics and satellite servicing equipment. 

• A routine cost effective turnaround plan must make maximum use of flight data 
for maintenance planning, a high degree of test automation and MOTV main- 
tainability features in order to minimize tests , facilitate repair and reduce the 
manpower requirements. 

• Dollars spent on an effective turnaround maintenance program restore the re- 
turning MOTV hardware reliability to the design goals, providing a payback 
in terms of reduced risk. 

The turnaround /maintenance analysis discussed in detail in Volume 5 of this re- 
port, entitled "MOTV Turnaround Analysis" indicates the following: 

• The recommended turnaround scenario baselines ground turnaround because it 
utilizes in place facilities, has the flexibility to deal with contingencies which 
will occur during the operational shakedown period and provides a benign 
environment in which to gain experience, work out procedures, and refine 
support equipment requirements. 

• SOC turnaround at 200 N MI provides a viable alternate because it decouples 
the turnaround operations from the STS support flights and saves approximate- 
ly $11M per mission. SOC turnaround, however, requires a significant 


r; 


1 


investment in facilities, support equipment and MQTV maintainability features, 
approximately $330M. Payback takes about 15 years, assuming; an IVIOTV flight 
rate of 6/year. The HOC option should be retained until the appropriate pro- 
gram milestone, when the following can be resolved. 

- HOC operational attitude lowered to 200 NM rather than the current assump- 
tion of 265 N Ml. 

- Definitive costs obtained for facility , MQTV design, and support equipment 
costs . 

- An assessment of the portion of the initial investment for facilities which are 
chargeable to institutional improvements or other programs rather than 
MOTV. 

If the decision at the appropriate program milestone is to proceed with SOC, then 
a progressive program which transitions from ground turnaround to STS tended LEO 
turnaround, which would qualify and refine the SOC equipment, procedures and per- 
sonnel to the finul phase utilizing SOC is recommended. 


6 ~ SUPPORTING STUDIES 


This section contains supporting analysis relavent to mission modes selection, 
MQTV performance, IVA/EVA trades, crew capsule sizing and unmanned OTV payload 
performance. It serves as the basis for selecting various modes of operation for the 
MOTV and permits consideration off-design alternates. 
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« l’/» STAGE CONCEPTS 
e AMOTV & AMRV 

• APOTV, AMOTV, & AMRV 

• SINGLE LAUNCH/MISSION 

• MULTI LAUNCH/MISSION 

• turnaround 

(USING STS ONLY) 

• LEO TURNAROUND 
(USING MANNED DEPOT) 


HIGHEST PERFORMANCE " * 
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Fi» 6-1 Mission Mods Findings - Firs, 3 1 
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NORMAL 
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1776-440W 


BACK-UP SPS 


Pf^CONSIOERATtONS: 

CREW & CREW CAPSULE 

performance & ops 

COSTS 


Fig. 6-2 APOTWs AMRV Modes 8, Issues 
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60 
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76 
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90 

478 
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80 

255 
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AMRV WEIGHTS DIFFER 
PROM APOTV WEIGHTS 
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ENTRY HEATING 

SOLO PWR SUPPLY (4 Kw Hr) 

PULL GN&C AND COMM 

ENTRY HEAT SINK 
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CHUT IS/ RETRO SRM/LND GR. 


TOTAL DRY 
CREW 

CONSUMABLES 
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95 
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3281 
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4896 
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RCS PROPELLANT 


CAPSULE 


2159 


3426 
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Fig. 6-3 Typical Crew Capsule Wts 


• CREW CAPSULE 


• PERFORMANCE 


• RETURN FLIGHT OPERATIONS 

• DEVELOPMENT COST 

• COST PER MISSION 


APOTV 


12/24 HR TO GROUND 


AMRV 

LESS ROOM IN FLIGHT DECK & 
MANIPULATOR WORK STATION 

GENERALLY 6% HIGHER STACK 
WEIGHT 
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TRATEONONE 

MISSION mode 
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Fig. 6-4 APOTV vs AMRV Summary & Recommendations 


6-3 









CHANGE IN 
CENTER ANGLE 
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• IN GEO 


OPTIMUM POINT - TAKING 
ACCOUNT OF: 

• MOTV GROUND SUPPORT COST 

• STS ON-ORBIT RENTAL 


6 
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5 DAYS TO PHASE 
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• productivity considerations 
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Fig. 6-6 IVA vs EVA Study 
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Fig. 6-9 IVA vs EVA: Detailed WT Penalties (kg) for Typical 2-Man Inspection/ 
Repair Mission 
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Fig. 6-10 IVA vs EVA: Detialed WT Penalties (kg) for Typical 3-Man 
Construction Mission 
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• REPLACEMENT OF MMS'TYPE MODULES REPRESENTS 
A REALISTIC FUTURE TASK FOR CFO SERVICING 

• MMS MODULE REPLACEMENT REQUIRES USE OF OOP. MMS 
UNITS ARE TOO LARGE TO HAND CARRY FROM MQTV 
STOWAGE AREA TO SATELLITE 

• EVA EVENT TIMES ARE RASED ON NASA WATER TANK 
TESTS, SKYLAB, AND MRWS DATA 

• IVA EVENT TIMES FOR MANIPULATOR OPERATIONS 

ARE BASED ON PRINCETON "TOKAMAK" AND LOS ALAMOS 
EXPERIENCE WITH THIS PARTICULAR MANIPULATOR SYSTEM 

1776-456W 


Fig. 6-1 1 Productivity Considerations - Groundrules fit Assumptions 
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Fig. 6-12 Times to Perform Typical Space Tasks 
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Fig. 6-13 EVA Events & Times to Service One MMS Type Satellite 
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Fig. 6-14 I VA Events & Times to Service One MMS Type Satellite 


















Fig. 6-15 IV A/EVA Productivity Comparison For 2 Types of Taks 


• IVA FOR MOST ANTICIPATED TASKS 

- BFR MANIPULATORS 

- STABILIZER FOR BERTHING 

• EVA FOR CONTINGENCY AND EMERGENCY OPERATIONS 

- LEO SUITS & TETHER (2 REO'D) 

- IN CABIN SUITS FOR 3RD CREWMAN 

- EVA TOOL KIT 

1776-461W ^ 

Fig. 6-16 IVA/FVA Recommendations 


6-9 




WGT DRY CAPSUUE ♦ CREW (kg)’ 

















Fig. 6-21 Unmanned OTV Payload Capability for Ground Launched Payload 
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7 - CONCLUSIONS & RECOMMENDATIONS 


I he generic missions presented here represent a best estimate at this time of 
manned mission requirements for the future. As a design goal, the MOTV should en- 
deavor to capture as many of these missions as possible within reasonable cost and 
funding constraints. The MOTV configuration selected to support these generic 
missions is a versatile, cost effective, design. It is capable of accomplishing nearly 
all generic missions with minimum modification. Propulsively , propellant drop tanks 
can be added to the propulsion core capability to handle the full range of payload 
requirements. Similarly, the crew module can be kit modified at low cost and weight 
pnnalty to accommodate a wide range of crew sizes, mission duration, and mission 

dedicated hardware. Future studies should continue to develop this type of versatile 
MOTV design. 
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